Because they had irreversible damage to the left ventricular myocardium none of 12 patients with critical aortic stenosis diagnosed prenatally survived after postnatal treatment. This experience prompted three attempts at intrauterine balloon dilatation of the aortic valve in two fetuses with this condition. On each attempt the balloon catheter was successfully delivered to the left ventricle. In the first fetus the aortic valve was not crossed and the fetus died the next day. In the second fetus the balloon was correctly positioned across the aortic valve and inflated in the valve ring. After delivery, a further balloon angioplasty was performed; this relieved the stenosis but the patient died five weeks later from persisting left ventricular dysfunction related to endocardial fibroelastosis.
The mildest forms of congenital aortic stenosis may become haemodynamically important only in late adult life when calcification becomes a prominent feature whereas the most severe forms are life threatening in infancy. In The left ventricular wall showed increased echogenicity. Colour flow mapping showed a patent foramen ovale. The parents were advised of the likely poor prognosis but the mother elected to continue the pregnancy. A repeat scan at 28 weeks' gestation showed that the left ventricle had not changed in size and was therefore small for the gestation by this time. There was no flow detectable in the ascending aorta and the atrial septum was now closed. The intrauterine procedure took place a few days later. The mother was sedated with intravenous pethidine. The fetal position was initially unfavourable with the spine anterior, but spontaneous fetal movement resulted in a more suitable position with the cardiac apex positioned laterally about an hour later. On the first needle insertion, the right ventricle was entered and a pressure tracing recorded. The needle was then withdrawn and the left ventricle entered through the left ventricular free wall. The balloon catheter was passed down the needle but the guide wire could not be made to cross the aortic valve. At this time at one point, the needle crossed the aortic valve. We thought that the route of approach was not sufficiently direct so a new needle insertion was attempted. This entered the heart at the apex and in line with the origin of the aorta. However, the guide wire was repeatedly deflected off the aortic valve to pass retrogradely through the mitral valve. Three episodes of fetal bradycardia occurred during the procedure; these were reversed with intracardiac isoprenaline. The attempt was considered to have failed and therefore was abandoned at this stage. The fetus was active and the heart was in sinus rhythm at the end of the procedure but death occurred during the next 24 hours.
Postmortem examination showed a single puncture mark on the anterior chest wall. There was 7 ml of blood in the left pleural cavity and 3 ml in the right. There was no blood in the pericardial cavity. The heart showed a moderate degree of left ventricular hypoplasia, a small stenotic mitral valve, and endocardial fibroelastosis of the left ventricle. The ascending aorta was small for gestational age. The valve was formed by a thin but complete membrane that had been raggedly torn, apparently during the interventional procedure and not at necropsy. The foramen ovale was not patent. CASE 2 A 41 year old woman (para 2) was initially referred at 30 weeks' gestation. A normal fetal karyotype had been found on chorionic villus sampling at nine weeks' gestation. At a routine scan in the local hospital at 18 weeks' gestation, the four chamber view was passed as normal.
The second scan at 30 weeks was to check placental position but the fetal heart seemed to be abnormal and the patient was referred to Guy's Hospital. The left ventricle was poorly contracting and thickwalled with increased echogenicity of the lining. There was, however, some forward flow through the mitral valve and the atrial septum was patent. The aortic valve seemed thickened and restricted in motion with the velocity of flow increased to 150 cm/s.
The first interventional procedure took place a week later at 31 weeks' gestation. The fetal orientation was favourable from the start such that a direct approach from the apex could be made on the first attempt. A guide wire was advanced through the needle and across the aortic valve under direct view. The balloon catheter was then inserted and inflated. The balloon, however, seemed to be in the left ventricular outflow tract and not in the valve orifice itself when inflation took place. Retrospective review of the videotape recorded at this time confirmed this. The balloon burst in situ, and when it was being withdrawn through the needle it impacted on the edge of the needle and was torn from the main body of the catheter. The needle and the portion of catheter within it were then withdrawn as one. The fetal heart remained in sinus rhythm throughout. No change in flow could be detected across the aortic valve after the procedure and the attempt was deemed unsuccessful. Subsequently the balloon and wire could be seen on ultrasound examination to be impacted between the left atrium and the septal left ventricular wall below the outflow tract. It was not causing any obstruction.
A second attempt was made 10 days later at 33 weeks' gestation. The left ventricular apex was entered on the second needle placement. A guide wire was entered through the needle and passed easily across the aortic valve. After we established that the valve could be crossed with the guide wire the wire was withdrawn and the custom made balloon catheter was then inserted. It was inflated twice within the valve orifice. The catheter and needle were then removed simultaneously. The fetal heart rate was normal throughout except for a transient bradycardia at balloon inflation that did not require treatment. Fetal movement did not interfere with the procedure. The technical success of the procedure appeared to be confirmed by an improvement in aortic flow shown by Doppler echocardiography; the velocity of flow fell from 150 cm/s to 120 cm/s. A postmortem examination showed that the left ventricular wall was thickened and lined with fibroelastosis. The remnants ofthe original balloon catheter and guide wire lay in the left ventricular outflow tract but were firmly anchored in the myocardium. They were not causing an obstruction. The aortic valve was dysplastic though the cusps were cleanly split along the commissures. The diameter of the aortic root at the origin was 8 mm, with a maximum diameter of 11 mm in the ascending aorta. The aortic arch narrowed to 5 mm with the suggestion of a small, distal, discrete coarctation shelf when the arch was opened. anaesthetic at the site of needle puncture. It is possible that premature labour may be precipitated and this would require active treatment. There seems to be little associated tissue damage to the fetus. Haemorrhage from the puncture site may have caused the intrapleural collections found at necropsy in the first case though there was no intrapericardial blood. The fetal position of case 1 necessitated crossing the lung fields with the needle whereas the position of case 2 allowed a direct apical puncture and no intrapleural fluid was seen on ultrasound in the days after the procedure. In case 1, the needle itself apparently tore the aortic valve but this could be an intended first step when the guide wire fails to cross the aortic valve. In the second case, there was no evidence of a needle puncture site in the newborn at delivery one week after the interventional procedure nor was intracardiac trauma found at necropsy. The detachment of part of the balloon and its impaction in the ventricular wall in the second case was a technical error but one which may be avoided in the future by improvements in the design of the balloon catheters and needles. It may be that patients with aortic stenosis who are suitable for this procedure require to be carefully selected. For example, where there is already established severe endocardial fibroelastosis or where the left ventricle is failing to produce an increased velocity of flow across the stenotic valve, ventricular damage may already be irreversible. Once the atrial septum is closed, relief of left ventricular obstruction alone may not be sufficient to maintain left -ventricular growth. Where the conditions seem favourable for balloon dilatation of the aortic valve, it may also be necessary to dilate the mitral valve because there is often considerable inflow obstruction associated with aortic valve disease.
Discussion
In summary, case 1 proved that delivery of the balloon to the left ventricle is possible in utero and case 2 that balloon dilatation of the fetal aortic valve is technically possible. Further experience with the technique will clarify which patients will benefit most from this form oftreatment. Though the place ofthis form of treatment in the varying options for management of this condition has yet to be established, this preliminary step to prenatal treatment seems promising.
